metabolite assets from tissue and biological fluids, such as milk, blood and urine. In this review we 24 provide an overview on metabolic status and physiological changes during the transition period and 25 the related production diseases in dairy cows, and summarize the state of art on proteomics and 26 metabolomics of biological fluids and tissues involved in metabolic stress during the peripartum 27 period. We also provide a current and prospective view of the application of the recent 28 achievements generated by omics for biomarker discovery and their potential in diagnosis. For high-yielding dairy cows there are several "occupational diseases" that occur mainly during the 32 metabolic challenges related to the transition from pregnancy to lactation. Such diseases and their 33 sequelae form a major concern for dairy production, and often lead to early culling of animals.
34
Beside the economical perspective, metabolic stress may severely influence animal welfare. There of increasing importance and can provide an overall view of how dairy cows react to metabolic 40 stress, which is needed for an in-depth understanding of the molecular mechanisms of the related 41 diseases. We herein review the current findings from studies applying proteomics and
Introduction

51
The transition period from late pregnancy to early lactation is a critical period in a dairy cow`s life 52 due to the rapidly increasing drain of nutrients from the maternal organism towards the foetus and 53 into colostrum and milk. During this transition period, fetal growth reaches its exponential course 54 during the last weeks of pregnancy and concomitantly the mammary gland parenchyma mass 55 markedly grows [1] . After calving, the output of nutrients with milk exceeds the input by voluntary 56 feed intake. The negative nutrient balance (NNB) resulting therefrom requires a massive 57 mobilization of body reserves, mainly body fat but also protein. Albeit NNB is a common 58 phenomenon in mammals, both the duration and the extent observed in modern high yielding dairy 59 cows represent a biological extreme. To be able to cope with the challenges of parturition and 60 lactation, comprehensive adaptive mechanisms comprising the endocrine and the immune system 61 need to be accomplished. There is high variation in this coping ability and both metabolic and 62 infectious diseases, summarized as "production diseases", may occur and have an impact on 63 welfare, productive lifespan and economic outcomes. The incidence of such diseases is greatest 64 during early lactation with hypocalcaemia (milk fever), fatty liver syndrome and ketosis (or detect up to 10,000 independent spectral features in biological samples [20] , but only a fraction of 126 them can be actually identified. Targeted metabolomics was already applied in several dairy cow 127 studies e.g. to characterize the respective changes in blood throughout the transition phase [21] [22] [23] [24] 128 and non-targeted metabolomics for testing a supplement aiming to ameliorate metabolic stress [25] , 129 respectively. The aim of this review is to provide an overview of the state of the art applications of 130 proteomics and metabolomics to address production diseases of dairy cows, whose prevention 131 represents a priority for intensive milk production. We reconcile and summarize the information 132 currently available on metabolic status and physiological changes during the transition period, and 133 discuss the most recent achievements in proteomics and metabolomics applications for biomarker 134 discovery, their potential as diagnostic tools, but also for comprehension of complex (patho) 135 physiological contexts. However, the review will be largely limited to metabolic diseases and to 136 metritis. For mastitis, the reader is referred to the specific "mastitomics" literature [26] [27] [28] and also 137 to the latest considerations of meta-proteomics and meta-metabolomics which include the milk 138 microbiome as recently reviewed by Addis and coworkers [29] .
139
Metabolomics by means of near infrared spectroscopy is used since many years in routine milk 140 recordings to assess gross milk composition (mainly the content of fat, protein and lactose), but is 141 also increasingly considered for minor milk constituents to provide information about the 142 physiological status of the animals [30] . Such information could be used for herd management 143 decisions and for phenotyping in animal breeding as well. However, to be able to relate the spectra bacterial infections that cause metritis and endometritis [34] . These diseases have a high incidence 158 postpartum [35] [36] [37] and often result in decreased fertility as shown by reduced conception rates and 159 increased calving-to-conception intervals [38] .
160
A pioneering proteomic study provided first clues about the alterations in blood serum in suggesting that the approaching calving resembles an acute-phase reaction. This is in line with the 166 common observation of an inflammatory reaction peripartum that is considered as physiological and 167 even necessary for the successful adaptation to the metabolic challenge as recently reviewed [40] .
168
In the proteome study [39] , the concentrations of AGP two weeks before calving were lower in 169 animals that developed endometritis postpartum, but were higher two weeks after calving,
170
suggesting AGP not only as a potential prepartum bioindicator for an early detection of an increased 171 risk for endometritis but also indicating a complex functional role for AGP in the context of 172 endometritis.
173
In a 2-DGE analysis followed by MALDI-TOF, endometritis-associated proteins were identified in 174 endometrial samples [41] . Several proteins, including desmin, α-actin-2, heat-shock protein (HSP) 175 27, peroxiredoxin-6, luteinizing hormone receptor isoform 1, collectin-43 precursor, PGLYRP1, SERPINB1 and S100A9 levels at day 15 were found. placenta, whereas Rab GDP dissociation inhibitor beta was up-regulated in the cotyledons of both 215 retained and healthy placentae. In addition, short transient receptor potential channel 5 was 216 identified in caruncles of both retained and healthy placentae, and transforming growth factor 2 217 was highly abundant in both maternal and fetal parts of retained placenta. The proteins identified in 218 placental tissues indeed aggrandize the spectrum of relevant pathways to consider in the context of 219 placental maturation. However, these results were limited to tissue analyses and thus realistic 220 predictive approaches for retained placentae using body fluids are not coming into reach so far.
221
The application of metabolomics techniques to metritis and endometritis is still lacking, in both 222 human and veterinary medicine.
223
Further studies have to be conducted to distinguish between physiological and pathological protein decreased in cows with subclinical hypocalcaemia, and no protein was found to be increased [14] .
264
The issue of hypocalcaemia was also addressed by assessing the metabolome in serum samples 265 from hypocalcaemic versus normocalcaemic cows yielding around 30kg milk/day: using a 500- were decreased, and β-hydroxybutyrate (BHB), acetone, pyruvate, and lysine were increased in 269 cows with milk fever. The increase of pyruvate is probably also related to the decrease of 270 phosphocreatinine observed in cows with milk fever, since elevated pyruvate decreases the 271 production of phosphocreatinine, by inhibiting creatinine-pyruvate kinase at least in humans [56] .
272
The decrease of phosphocreatine also reduces ATP (adenosine triphosphate) production in muscles, 273 may partially explain the paresis, ataxia and paralysis that are associated with milk fever. In 274 addition, the decrease of the inhibitory neurotransmitter GABA may also account for the 275 neurological symptoms of the disease, e.g. depression and coma. However, the importance of 276 GABA in the circulation is unknown.
277
Results provided by proteomics applied to hypocalcaemia are somehow contradictory: for example, and enzymes involved in glycogen synthesis and in the TCA cycle was decreased, whereas proteins 607 related to glycolysis, fatty acid degradation, lactate, and ATP production were increased. C14:0 were increased 1 week postpartum as well, whereas carnitine was decreased after 4 weeks.
628
These results are remarkable, since they highlighted the possible use of three metabolites, namely 
631
The occurrence of production diseases exerts profound effects on productive life span since increased, whereas the ones on the right were decreased when compared to healthy animals. 
